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(54) Gray scale driver with luminance compensation 



(57) In a dteplay device in which each group of plu- 
ral drive elements 10 take^ charge of the drive of plural 
picture elements (pixels) land the display luminance 
changes as the number of sustaining pulses changes 
that are supplied to P0P16. a constant emission lumi- 
nance characteristic is maintained by increasing the 
number of sustaining pulses for larger load when the 
display load factor is largej and decreasing the number 
of sustaining pulses for smaller load when the display 
load fector is small. Wheni displaying multi-tone image 
by sutTfield drive method, adisplay area detect drcuit 20 
allows to display image always with constant lun^nance 
characteristic despite the variation of the display load 
factor, and to prevent the deterioration of tone charac- 
teristic due to the subfieldjdrive method, and further a 
half tone display circuit 30 allows to decrease the bit 
number thereby simplifying the configuration of the dis- 
play area detect circuit 20. 
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Description 

This invention relates to a drive circuit for the dis- 
play device having plural drive elements each of which 
drive plural pixels O^icture elements), wherein the dis- 
play luminance has been so designed as to change as 
the number of the sustaining pulses, sustaining voltege 
and cun'ent provided from each drive element to display 
panel change based on the input image signal. 

The present invention also relates to a drive drcuit 
of a display device that displays multi-tone intage by 
timesharing one SCTeen cfisplay duration (one frame, for 
instance) of di^lay panel into the plural display dura- 
tions (subf ields. for instance) that correspond to the dis- 
play tone and by weighting tiie sustaining pulse number 
of respective divided (tin^hared) display durationa 

The driving method of POP (Plasnria Display Panel) 
is a direct drive by dtgitallzed inrage input signal. The 
luminance and tone of the Oght emitted from the panel 
face depends on the bit number of the signal dealt with. 

AC type PDP features satisfactory characteristics 
as far as is concerned the luminance and durability. As 
for the tonal display, however, an ADS subfield method 
(Address/Display Separate type drive method) has 
been proposed only recentiy that enables 256 tones. 

Rgures 1 (a) and 1 (b) show the drive sequence 
and drive wavefbnm of the PDP which is used in this 
ADS sutjf ield method. 

In Figure 1 (a), which gives an example of S-bits 
256 tones, one frame consists of eight subfietds whose 
relative ratios of luminance are 1 , 2. 4, 8, 16. 32. 64 and 
128 respectively. Combination of these luminances of 
eight screens enables a display in 256 tones. The 
respective subf ields are composed of tiie address dura- 
tion that writes one screen of refreshed data and the 
sustaining duration tiiat decides the luminance level of 
the subfield. The detail of tiiis configuration is explained 
in Figure 1(b). In the address duration, a wail charge is 
formed initially at each pixel sinuiitaneousty over all the 
screens and then the sustaining pulses are given to all 
the screens for display. The brightness of the subfield is 
proportional to the number of the sustaining pulses to 
be set to predetermined lumtnanca Two hundred and 
fifty-six tones display is thus realized. 

AC type PDP display device has plural drive ele- 
ments (101. 102. • • • lOn) as shown in Rgura 2. The 
respective drive elements 101, 102. • • • 1 0n drive the 
plural pixels of PDP1 6 by the drive control signal from a 
display drive control circuit 14 based on the image sig- 
nal as input into the image signal input tenninal 12. This 
type of method was however problematical in that the 
load as against tiie drive element and the emission 
luminance differ when the drive voltage (sustaining volt- 
age and address voltage, for instance) is applied to all 
the plural pixels whose drive is taken charge of t3y one 
drive element, that is when tiie pixels are discharged, 
and when it is supplied only to a part of the pixejs. 

Conventionally attempts had been made to solve 
such a problem by enhancing the capacity of tiie Individ- 



ual drive elements or by mitigating the load to individual 
drive elements through an increase of the number of the 
drive dements. However, this conventional approach 
was disadvantageous in that though tiie event of differ- 

5 ential emission luminance characteristic can be moder- 
ated, it cannot be annihilated and tiiat a large capadty 
of drive elements had to be prepared. Furttier the 
numt>er of drive elements required was too larga 
The conventional method was also problematical in 

10 tiiat when such display device as shown in Rgure 2 dis- 
plays a multi-tone image by the ADS subfield metiiod, 
the tonal characteristic worsens. Let us consider, for 
example, an image where thQ most of dtspfs^ed image 
iscon^josed of the image level • 127" (01111111 by 8- 

is bits binary notation) and the small remaining area is 
composed of an image level " 128' (10000000 by 8-bits 
binary notation). When the display load factor of MSB 
(Most Significant Bit) subfield is compared witti that of 
the subfield otiier than MSB. tiie fbnner is smaller than 

20 the latter. It was unsustainable because this cfifference 
in load factor raised the emission luminahce character- 
istic and worsened the tonal characteristic. 

To solve such problematical points as above, the 
applicant has already proposed such a drcuit as shown 

23 in Rgure 3. That is. a dsplay area detect circuit 20 is 
inserted between an Image signal input terminal 1 2 and 
a display drive control circuit 1 4. The display area detect 
circuit 20 detects tiie display area for every certain dura- 
tion (for example, one frame or one subfield) based on 

30 tiie image signal as input into tiie image signal input ter- 
minal 12 to control the number of the sustaining pulses 
(drive pulses) in response to tiie detected area. 

More concretely, tiie display area detect circuit 20 
com]:»1se8 a display load ^ctor detect drcuit (a counter. 

3S for instance) tiiat detects the display load factor for a 
certain duration and ttie sustaining pulse control circuit 
[LUT (Look Up Table), for instance] tiiat controls the 
numt)er of sustaining pulses, sustaining voltage or sus- 
taining current based on the output detected by tiie dis- 

40 play load factor detect circuit The emission luminance 
characteristic can tints be maintained consent irrespec- 
tively of tiie display load factor of the display panel This 
configuration further prevents tfie deterioration of the 
tonal characteristic due to tiie subfield drive method 

43 However, tiie circuit as shown in Rgure 3 was 
somewhat problematical in tiiat the configuration of tiie 
display area detect circuit 20 becomes complicated 
when one frame of the PDP1 6 is time-shared into eight 
display durations (subf ields) coaesponding to 8-bits dis- 

50 ptay tones and tiie numba- of tiie sustaining pulses of 
tiie respective divided display durations are weighted to 
display 256 tones of image. This is because we need 
eight display toad factor detect circuits and eight sus- 
taining pulse control circuits for as many subftelds. In 

55 Rgure 3. tiie numeral 10 indicates tiie group of drive 
elements representing all the drive elements 101. 102, 
• • • lOn as shown in Rgure 2. 

The first purpose of the present invention is to pro- 
vide a drive circutt for tiie display device that allows for 
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an image display with constartt emission luminance 
characteristic despite the largeness of the display load 
factor. In this context the display load fector means the 
proportion of the drive pixel nunrtber (number of lighted 
up pxels) occupies in the total number of pixels for cer- 
tain duration (for example, one frame, one subfield or 
one line). 

The second purpose of this invention Is to prev^ 
the degradation of the tonal characteristic due to the 
subfield drive method when it Is used in a display device 
that displays multi-tone image. 

The third purpose of the invention is to provide a 
drive circuit for a display device that can simplify the 
conftguration of the display, area detect circuit 

In a di^lay device intended to acNeve the f irstpur- 
pose of the invention where plural drive elements take 
respectively charge of the driving of the plural pixels and 
the display lunrnnance changes as changes the number 
of the sustaining pulses provided from each drive ele- 
m^ to the display panel based on the input image sig- 
nal, provided are the display load factor detect means 
that detects the dsplay load factor for certain duration 
based on the input image signal, the sustaining pulse 
control means that controls the sustaining pulse nunrber 
based on the detecting output of said display load factor 
detect means that detects the display load factor 
(number of drive pixels, for instance) for every certain 
duration (for example, one frame or one subfield), said 
sustaining pulse control means controlling the number 
of sustaining pulses based on said detecting output 
th^eby maintaining constant the luminance character- 
istic of the display panel. This control increases the 
number of sustaining pulses when the display load fac- 
tor is large since the load against the drive element is 
large, while it decreases the same number when the 
same factor is smalt since the same load is small. 

In order to achieve the second purpose, this inven- 
tion adopts, as the display device, such display device 
as displays nrujlti-tone image by subfield drive method; 
as the display load factor detect means, the counter that 
counts up the number of drive pixels for one of every 
. display duration out of one screen display duration (for 
example, one frame) and one division display duration 
(for example, one subfield) ; and as the sustaining pulse 
control means, the sustaining pulse control circuit that 
controls the number of sustaining pulses based on the 
counted value of the counter. The counter accumulates 
the number of the drive pixels for every display duration 
based on the counted value, and the sustaining pulse 
control circuit controls the number of sustaining pulses 
to be provided to the display panel. 

Such configuration as above of this invention allows 
to display image with constant luminance characteristic 
despite the variation of the display load factor; that is, 
the luminance characteristic of the display panel can be 
maintained constant by the sustaining pulse control 
means that controls the number of sustaining pulses 
based on the detecting output of the display load factor 
detect means, and further by the sustaining voltage and 



cunrent control means that controls the sustaining volt- 
age or current based on the detecting output of he dis- 
play load factor detect means. 

If thte dsplay device as adopted can di^lay the 

5 nmilti-tone image by the subfield drive method, then the 
deterioration of tonal characteristic due to the subfield 
drive method can be prevented; that is, the luminance 
characteristic of the display panel is maintained con- 
stant by the control, by the sustaining pulse control 

10 means, of the ajstaining pulse number based on the 
detecting output of the display load factor detect means. 

Let us consider, for example, an image where the 
most of displayed image is composed of the image level 
" 127* (01111111 by 8-bits binary notation) and the 

IS small ronaining area is composed of an image level " 
128* (10000000 by 8-btts binary notation). Under these 
conditions the control is made so that the number of 
sustaining pulses is reduced for thesubf ietd of MSB that 
has a small display load factor, and it Is increased for 

20 any subfield other than MSB that has a large display 
load factor. Or else the control reduces the nun^er of 
sustaining'pulses for MSB subfie^ without changing it 
for any subfield ottier ^an MSB. The degradation of the 
luminance characteristic because of the subfield drive 

2S method can thus be prevented. 

A display device intended to achieve the third pur- 
pose of the invention, has plural drive elements, the 
respective drive elements taking charge of the driving of 
plural pixels, one screen display duration of the display 

30 panel being time-shared into such display duration as 
conresponding to the display tone, the multi-tone image 
being displayed by weighting the sustaining pulse of 
respective divided display duration, n-btts (n being any 
integer not less than 2) of input image signal is con- 

35 verted into m-bits (msn-1 ) of image signal, and at the 
same time provided are an intermediate display means 
that looks for intermediate level from neighboring drive 
level and a display area detect means that controls the 
sustaining pulses so that the display area is detected for 

40 every constant duration based on the m-bit& image sig- 
nal of the half tone display means and that the lumi- 
nance characteristic of said dsplay panel is n^ntained 
constant on the basis of this detectirig output 

Said display area detect means maintains constant 

43 the luminance characteristic of the display panel by 
detecting the display load factor (for example, the 
number of drive pxels) for every certain duration (one 
frame or one subfield. for instance) and controlling the 
sustaining pulses corespondingly. and prevents, at the 

50 same time, the deterioration of the tone characteristic 
due to the subfield drive method. Because the halftone 
display means concerts the n-bits input image signal 
into nvbits one (msn-1 ). and looks for the intermediate 
level from neighboring drive level to output it at the dis- 
ss play area detect means, the conventional number n can 
be reduced to m of the display load factor detect circuits 
(counter, for instance) that constitute the display area 
detect means and of the sustaining pulse control circuit 
[LUT (Look Up Table), for instance]. 



EP0755 043A1 



This invention provided, by means of such a config- 
uration as above, a d^la/ area detect means that 
detects the display area for every certain duration (one 
frame, for instance) and controls the sustaining pulses 
so that the luminance characteristic of the display panel 
can be maintained constant based on the detecting out- 
put the image display can be made with constant lumi- 
nance characteristic despite the changing di^lay load 
factor (number of drive pixels) and that the deterioration 
of tone characteristic due to the subfield drive method 
(ADS sutsfield, for instance) can be prevented. 

Since further the halftone display means that con- 
verts the n-bits input image signal into m-bits (msn-1 ] 
one and obtains the intermediate level from the neigh- 
boring drive level, can convert the display area detect 
means from n-tiits into m-bits, the configuration of the 
display area detect means can be simplified conse- 
quentty. When, for example, the display area detect 
means are made to comprise the <fisplay load factor 
detect drcuit (for example, counter) tiiat detects the dis- 
play load factor for every cedain duration and the sus- 
taining pulse corrtrd drcuit (for exanrple, LUT), the 
number of the display load factor detect drcuits and tiiat 
of the sustaining pulse control drcuit can be reduced 
from n to m (for example, for so many subfields). 

Other and further objects of this invention will be 
obvious upon am understandir^ of the illustrative 
embodiments about to be described. 

Rgure 1 (a) represents a drive sequence of the 
ADS subfield method. 

Rgure 1 (b) depicts a drive waveform of tiie ADS 
subfield method. 

Rgure 2 is a block diagram showing a conventional 
drive drcuit of display device, 

Rgure 3 is a block diagram of the drive drcuit of the 
display device previously proposed by the applicant. 

Rgure 4 is a block diagram showing the first 
embodiment of the drive circuit of the display device 
according to this invention. 

Rgure 5 Is another block diagram showing the sec- 
ond embodiment of the drive drcuit of the display device 
according to this invention. 

Rgure 6 is a block diagram showing an example of 
the sustaining voltage/current switching drcuit as 
shown in Figure 5. 

Rgure 7 is anotiner block diagram showing the ttiird 
embodiment of the drive drcuit of tiie display device 
according to tiiis invention. 

Rgure 8 (a) another block diagram showing the 
fourth embodiment of the drive drcuit of tiie display 
device according to this invention. 

Rgure 8 (b) is a block diagram the error variance 
circuit, an example of the halftone display drcuit as 
shown in Rgure 8 (a). 

Now the first embodiment of this invention will be 
illustrated referring to Rgures 4. In Rgure 4, parts cor- 
responding witti in Rgure 2 designate same reference 
symbol. 

The numeral 12 represents an image signal input 



terminal Sequentially connected to tiie tenrtinal 12 are 
a display drive control drcuit 14, a drive element group 
10 (101. 102. • lOn) and POP 16 in ttiis order. As is 
ttie case with the conventional one. said display drive 

5 control drcuit 1 4 drives and controls the drive element 
group 10 based on the image signal (image data) input 
in tiie image signal input terminai 12. arid displays the 
multi-tone image by ADS subfield: That is. it time- 
divides one frame of PDP 16 into plural (8. for instance) 

10 subfields and weights ttie sustaining pulse number of 
each subfield to display the multi-tone image (for exam- 
ple, 8^its 256 tone image). 

Coupled to said image signal input terminal 12 is a 
counter 22 as an example of display k>ad fector detect 

IS means, which counts ttie number of drive pixels (display 
area) for every frame or subfield to output ttie counted 
valua 

Connected on the output side of sakl counts' 22 is 
ttie LUT (Look Up Table) 24 as an example of tiie major 

20 element constituting the sustaining pulse control 
means, whidi is made up of ROM (Read Only Memory) 
for example. The LUT 24 stores beforehand in memory 
the number of sunning pulses for the drive pixels for 
every one frame or one subfield in order to maintain 

25 constant the luminance characteristic of said PDP 16 
in-espectively of tiie largeness of display toad factor, tiie 
content of which can be output with tiie counted value of 
said counter 22 as address (heading). The data to be 
stored beforehand in said LUT 24 is obtained from tiie 

30 characteristic . data measured of the relationship 
between tine image signal and tiie emission luminance 
of ttie POP. 16 tiiat displayed ttie ntuW-tone image by 
ADS subfield/ with each of tiie drive element group 10 
takingchaige^ for instance, of ttie driving.of pluraf pixels 

35 ofttiePDPie. 

Said display drive conti-ol drcuit 14 drives and con- 
ti'ols ttie drive element group 10 udng ttie sustaining 
pulse number as output from said LUT 24. and main- 
tains always constant the luminance characteristic of 

40 the PDP 16 despite the largeness of the display load 
factor. 

Now ttie action of ttie drive drcuit in Rgure 4_will be 
explained. 

45 (a) Based on the image signal as input into ttie 
image signal input terminal 12. tiie counter 22 
counts up the number of drive pixels (display area) 
for every one frame or one subfield and outputs the 
counted value to the LUT 24. 

so Let us consider, for example, an image where 

ttie most of displayed image is composed of ttie 
image level " 12r (01111111) and ttie small 
remaining area is composed of an image level ** 
128** (10000000). The MSB subfield has a small 

55 counted value because its drive pxel number, con- 
sequently the display load ^ctor is small, while ttie 
subfield ottier ttian MSB has a great counted value 
because its drive pixel number, consequentiy the 
cfisplay load factor is great. 
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(b) The display drive control circuit 14 receives, 
from the LUX 24, the number of sustaining pulses to 
maintain constant the luminance characteristic with 
the counted value of the counter 22 as an address, 
controls the drive element group 1 0 using this sus- s 
taining pulse number, and maintains constant the 
luminance characteristic of the POP 16. Let us con- 
sider, for example, an image where the most of dis- 
played image is composed of the image level ** 12r 
(01111111 by 8-bits binary notation) and the small to 
remaining area is conrposed of an image level * 
128" (10000000 by 8-bits binary notation). Since 
the counted value of the MSB subfield is smaller 
than that of the subfietd other than MSB, it is so 
controlled that the number of the sustaining pulses is 
of the MSB sut>field is reduced and the number of 
the sustaining pulses other than MSB subfield is 
Inaeased. Another control is that the sustaining 
pulse number of MSB subfield is reduced without 
changing that of the subfield other than MSB. Thus. 20 
the luminance characteristic of the POP 16 can be 
maintained constant inrespectively of the display 
load factor. 

Figures 5 and 6 ejqjiain the second emksodiment of 2s 
this Invention, where the numeral 22 represents the 
counter as an example of the display load factor detect 
means. The counter 22 is so designed as to count the 
drive pixel number (display area) for every one frame or 
subfield based on the image signal as input into said 30 
image signal input terminal 12 to output the counted 
valu& 

Coupled on the output side of said counter 22 is a 
sustaining voitage/cun-ent set circuit 26 as an example 
of the sustaining voltage/current control means, which 35 
sets and outputs either the sustaining voltage or sus- 
taining current to the drive pixels for every one frame or 
one subfield to maintain constant the luminance charac- 
teristic of the PDP 16 irrespectivety of the largeness of 
the display load factor based on the counted value of 40 
said counter 22. 

For these set data, the respective drive element 
groups 10 take charge of the driving of the plural pixels 
of PDP 16, and the characteristic representing the rela- 
tionship between the image signal and emission lumi- 45 
nance is measured for the PDP 16 that displayed the 
multi-tone image by ADS sutifield method. The set data 
is obtained from these data measured. 

Said sustaining voltage/cun-ent set circuit 26 has 
been so designed that it does output by setting different so 
voltage levelsofvoltagel, voltage 2. • • • voltage n, for 
instance, based on the counted value of said counter 
22. 

Connected to the output side of said sustaining volt- 
age/cun-ent set circuit 26 is a cfisplay drive control circuit ss 
14, on the other input side of which is connected the 
image signal input temninal 1 2. The display drive control 
drcuit 14 switches, drives and controls the sustaining 
voltage/current switch circuit group 30 (301, 302, • • • 
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30n) based on the image signal as input into said signal 
input terminal 12 and the sustaining voltage or current 
as set by the sustaining vottage/cunrent set circuit 26. 
and drives and control the drive element group 10. At 
the same time it perfomns the multi-tone image display 
by ADS suttfield method with the PDP 16 (not shown) 
as coupled with the output side of the drive element 
group 10, and maintains always constant the luminance 
characteristic of the PDP 1 6 without regard to the large- 
ness of the dsplay load factor. 

The foregoing sustaining voltage/current switch dr- 
cuit 30 consists, for example, of such analog switch as 
shown in Rgure 6. It has been so built up that the 
switching action based on the sustaining voltage set sig- 
nal and the drive control signal from said display drive 
control drcuit 14 sets, at the sustaining voltage/current 
set drcuit 26. and switches the different voltage le/els of 
voltage 1, voltage 2. * * • voltage n as input through the 
intermediary of said display drive control drcuit 1 4. 

Referring now to Rgure 5 the function of the second 
embodiment of this invention wOl be described now. 

(a) The counter 22 will count the drive pixel number 
for every one frame or one subfield based on the 
image signal as input into the image signal input 
terminal 12, and output tha counted value to the 
sustaining voltage/current set drcuit 26. Let us con- 
sider, for example, an Image where the most of dis- 
played image is composed of the image level ' 127" 
(01 1 1 1 111 by 8-blts binary notation} and the sntail 
remaining area is composed of an image level ' 
128" (10000000 by 8-bits binary notation). The 
MSB subfield has a small counted value because 
its drive pixel number, consequently the cfisplay 
load factor is small, while the subfield other than 
MSB has a great counted value because its drive 
pixel number, consequently the display load factor 
is great 

(b) The sustaining voltage/current set drcuit 26 sets 
and outputs the sustaining voltage or sustaining 
current based on the counted value of the counter 
22. The display drive control drcuit 14 switches, - 
drives and controls the sustaining voitage/current 
switch circuit group 30 based on the image signal 
as input into the image signal input terminal 1 2 and 
the set data as set by the sustaining voltage/cun'ent 
set drcuit 26, and drives and control the drive ele- 
ment group 10. At the same lime it conducts the 
nuilti-tone image display at the PDP 16 by ADB 
subfield method, and maintains constant the lumi- 
nance characteristic of the PDP 16. 

Let us consider, for example, an image where the 
most of displayed image is composed of the image level 
"I2r(01l1l1l1)andthesmallremainingarea is com- 
posed of an image level " 128* (10000000). Since the 
counted value of the MSB subfield is smaller than that of 
the subfield other than MSB, it is so controlled that the 
number of the sustaining pulses of the MSB subfield is 



5 



9 



EP0755 043A1 



10 



reduced and the number of the si^taining pulses other 
than MSB subfield is increased. Another control is that 
the sustaining voltage or sustaining current of MSB sub- 
field is reduced without changing that of the subfield 
other than MSB. Thus, the tuntlnance characteristic of 5 
the POP 1 6 can be maintained constant Irrespectively of 
the display load factor. 

When, for instance, the lumiriance characteristic of 
POP 16 is made constant by the control of sustaining 
voltage in-espectively of the display load factor, the sus- 10 
taining voltage of the MSB subfield is changed over 
from the voltage 3 as shown in Fgure 6 into smaller volt- 
age 2. 

Rgure 7 explains the third embodiment of this 
invention. is 

The numeral 22 symbolizes the counter group as 
an example of the display load ^ctor detect means. The 
forgoing respective counters 221. 222. • * • 22n count 
up the drive pixel numi^er (display area) for every one 
line based on the image signal as input in said image 20 
signal input terminal 12 to output the counted value. 

Connected to the respective output sides of said 
counter group 22 is the sustaining voHage/cunent set 
circuit group 26 (261 . 262. • • • 26n) as an example of 
the sustaining vottage/current control means, which zs 
sets and outputs the sustaining voltage or current tor the 
drive pixels for every one line in order to maintain con- 
stant the luminance characteristic of POP 16 irrespec- 
tive of the largeness of the display load factor. 

These set data are obtained from the measure- 30 
merits of the characteristic representing the relationship 
between the image signal and emission luminance of 
the POP 16 that displayed the nujlti-tone image by the 
ADS subfield method with the respective elements of 
the drive element group 10 taking charge of ttie driving 35 
of tiie 1-nne pixels of POP 16. 

Coupled to the respective output sides of the afore- 
said sustaining voltage/current set circuit 26 Is the dis- 
play drive control circuit group 14(141. 142. • 14n), 
to the input sides of which is coupled the image signal 40 
input terminal 12. 

Each of the display drive control circuit group 14 
switches, drives and controls the sustaining voltage/cur- 
rent swrtdi circuit group 30 (301. 302. • • • 30n) on the 
basis of the image signal as input in said image signal 4S 
input terminal 12 and the sustaining voltage or sustain- 
ing cunrerrt as set by the sustaining voltage/current set 
circuit group 26. At the same time it drives and controls 
the drive element group 10. and displays muttl-tone 
image by ADS subfield metiiod at the PDP 16 as cou- so 
pled with the output side of the drive element group 10 
to nnaintain always constant the luminance characteris- 
tic of the PDP 16 irrespectively of the largeness of the 
display load factor. 

The function of the third embodiment of this inven- ss 
tion will be explained now refemng to Rgure 7. 

(a) The counter group 22 counts up the number of 
drive elements for every one line based on the 



image signal as input in the inr^ge signal input ter- 
minal 12, and outputs the counted value to the sus- 
taining vottage^current set circuit group 26. 

Let us consider, for example, an image where 
the most of displayed image is composed of the 
image level • 12r (01111111) and the small 
remaining area is composed of an image level 
128" (10000000). The MSB subfield has a small 
counted value because its drive pixel nunter. con- 
sequentiy the display load factor is small, while the 
subfield other ttian MSB has a great counted value 
because its drive pixel number, consequentiy the 
dsplay load factor is great 
(b) The sustaining voltage/cun-ent set circidt group 
26 sets and outputs the sustaining voltage or sus- 
taining cunrent based on the counted value of the 
counter group 22. The di^Iay drive control circuit 
group 14 switches, drives and controls the sustain- 
ing voltage/current switch circuit group 30 based on 
the image signal as input into tiie image signal input 
terminal 12 and tiie set data as set by the sustain- 
ing voltage/cunrent set circuit group 26. and drives 
and controls the drive element group 10. At the 
same time it conducts the nrulti-tone image display 
at tiie PDP 16 by ADB subfield mettiod. and main- 
tains constant the luminance characteristic of the 
PDP 16. 

Let us consider, for exan^le, an image where the 
most of displayed image is composed of the image level 
• 1 27" (01 1 1 1 1 1 1) and tiie small remaining area is com- 
posed of an image level " 128" (10000000). Since the 
counted value of the MSB siMeld is smaller than tiiat of 
tiie subfield otiier than MSB, it is so controlled that the 
nunrrber of the sustaining pulses of tiie MSB subfield is 
reduced and tiie number of tiie sustaining pulses other 
tfian MSB subfield ts inaeased. Another control is that 
tiie sustaining pulse number of MSB subfields is 
reduced witiiout changing that of the subfield other tiian 
MSB Thus, tiie luminance characteristic of the PDP 16 
can be maintained constant inrespectively of the display 
load factor. . ~t: . - " " 

In the foregoing first second and third embodi- 
ments, an explanation was made on the case where tiiis 
invention is used for the display device tiiat displays 
multi-tone image by tiie AOS subfield mettiod, but tiie 
invention is not Gmited to this type of embodiment The 
present invention can be used at least and also to a dis- 
play device where the respective drive elements take 
charge of tiie driving of plural pixels whose display lumi- 
nance changes as changes the number of sustaining 
pulses, sustaining voltage or sustaining current. 

Now tiie fourtii embodiment of this invention wilt be 
explained refemng to Rgures 8 (a) and 8 (b). 

Connected to ttie image signal input temninal 12 is 
tiie display area detect circuit group 20 (201 , 202. • • • 
20m) tiirough tiie intermediary of tiie half tone display 
circuit 31. while the display drive control circuit 14, tiie 
drive element group 10 and PDP 16 are sequentially 
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connected in this order to the output side of the display 
area detect circuit group 20m. 

Figure 8 (b) shows up an error variance drcuit as 
an exampfe of aforesaid half tone display circuit 31 . The 
error variance circuit oonsists of a vertical adder 32 that s 
adds vertical reproduced error to n-bils input iniage sig- 
nal as input into the image signal input tenninal 12. a 
horizontal adder 34 that adds a horizontal reproduced 
' error to the output signal of this vertical adder 32. an 
error detect circuit 36 that outputs an error weighting io 
signal by detecting and w^'ghting the difference 
between the output signal of the horizontal adder 34 
and the con'ection data as preset at ROM. among oth- 
ers, a h-Iine delay circuit 38 that delays by h-lines the 
error weighting signal as output from the error detect dr- is 
curt 36 and outputs it to the vertical adder 32, d-dot 
delay drcuit 40 that delays by d-dots the error weighting 
signal as output from the error detect circuit 36 and out- 
puts it as reproduced error to the horizontal adder 34, 
and a bit convert drcuit 44 that converts the n-btts 20 
image signal as output from the horizontal adder 34 into 
m-bits (msn-1 ) image signal and outputs it to the afore- 
said display area detect drcuit 20 through the interme- 
diary of the output terminal 42. 

Said display area detect circuit 20 comprises a dis- 25 
play load factor detect circuit (counter, for instance) that 
detects tiie display load factor for every certain duration 
(one frame, one subfield or one fine) and sustaining 
pulse control drcuit (for example. LUT [Look Up TableD 
that controls tiie sustaining pulse (for example, pulse 30 
number, sustaining voltage or sustaining current) so 
that the luminance characteristic of PDP can be main- 
tained constant on tiie basis of the detect output of the 
display load factor detect drcuit More materially, the 
LUT as an example of the sustaining pulse control dr- ss 
cutt stores beforehand in memory the data of sustaining 
pulse (for example, pulse number, sustaining voltage or 
sustaining current) for the drive pixels for every one 
frame, one subfield or one line in order to maintain con- 
stant the luminance characteristic of POP 16 irrespec- w 
tively of the largeness of the d^lay load factor wttti the 
counted value of the counter as an exarr^le of the dis- 
play load factor detect circuit as an address, 

The foregoing display drive control drcuit 14 drives 
and controls the drive element group 10 using the data 4S 
of sustaining pulse (for example, pulse number, sustain- 
ing voltage or sustaining cun'ent) as obtained from said 
display area detect circuit 20 and maintains always con- 
stant the luminance characteristic of PDP 16 irrespec- 
tive of the largeness of tiie display load factor. so 

Now the function of the embodiment shown in Rg- 
ure 8 will be explained. 

(a) The halftone display circuit 31 adds vertical and 
horizontal reproduced errors to tiie n-bits input ss 
image signal as input by tiie adders 32 and 34 into 
the image signal input temiinal 12, while tiie en'or 
detect circuit 36 detects and weights tiie difference 
between tiie output signal of the horizontal adder 



34 and tiie coaection data. The delay drcuits 38 
and 40 delay by h lines and d dots the emor weight- 
ing signal as output from tihe error detect drcuit 36 
to output it to the adders 32 and 34. The bit convert 
drcuit 44 converts the n-bits signal into m-bits 
(msn-1 ) image signal and outputs it to the display 
area detect drcuit 20 ttirough tiie internrediary of 
the output terminal 22. 

Thus the half tone display drcuit 31 takes as an 
error ttie difference between the Image level to be 
displayed and the drive level as displayed to dis- 
perse it over the image in both horizontal and verti- 
cal directions. The half tone display by such enror 
variance wilt reduce the numtper of tiie subfields as 
driven by the downstream subfieM driving method 
(for example. ADS subfield metiiod) and compen- 
sates for the tones corresponding to this reduction 
by the half tone, tiiat is. maintains tiie number of 
tones to be displayed. 

(b) TTie display area detect drcuit 20 detects tiie 
display load factor for every certain duration (for 
example, one frame) based on tiie: m-bits image 
signal as output from the half lone displ^ drcuit 31 , 
counts up tiie number of drive pixels by the counter 
and controls the sustaining pulse so tiiat tiie lumi- 
nance characteristic of PDP 16 can be maintained 
constant with tiiis counted value as, for example, an 
address on tiie basis of tiie detect output (for exam- 
ple, outputs the nurr^er of sustaining pulses, tiie 
content of ttie address from tiie LUX). 

Let us consider, for example, an image where 
tiia most of displayed Image is composed of tiie 
image level " 127" (01111111) and tiie small 
remaining area is corrposed of an image level " 
128" (10000000). Since tiie display loaf factor 
(counted value, for instance) of tiie MSB subfield is 
smaller than tiiat of tiie subfield otiier than MSB. it 
is so controlled that the number of the sustaining 
pulses of the MSB subfield is reduced and tiie 
number of the sustaining pulses ottier tiian MSB 
sutrfieid is increased. Anotiier control is tiiat. tiie 
— sustaining vottage pr sustaining current of MSB 
subfiekl is reduced witiiout changing that of tiie 
subfield other tiian MSB. Thus, the luminance char- 
acteristic of tiie PDP t6 can be maintained con- 
stant in'espectively of the display load factor. 

(c) The display drive control drcuit 14 conta'ols the 
drive element group ^0 using the sustaining pulses 
as output from ttie display area detect drcuit 20, 
displays multi-tone image by the subfield drive 
mettiod (ADS subfield mettiod) at ttie PDP 16, and 
maintains constant tiie luminance characteristic of 
ttie PDP 16. 

Tlie foregoing fourtti embodiment has been 
described adopting a vase where an error variance cir- 
cuit is used as an example of tiie half tone display 
means, but tiiis invention is not limited to this embodi- 
ment Any embodiment will do if n-bits input image sig- 
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of input image signal, dnve drcutt for cflsplay device 
characterized in that it comprises the display load 
tactor detect means that detects the display load 
factor for certain duration based on said input 

5 image signal and the sustaining voitage/cun-ent 
control means that controls either the sustaining 
voltage or sustaining current so that the luminance 
characteristic of said display panel can be main- 
tained constant on the basis of the detect output of 

ro the display load factor detect means. 

5. The drive circutt for display device claimed in Claim 
4 wherein the display device timeshares one screen 
display duration for display panel Dito plural dis- 

is pl^ durations corresponding to display tones and 
weights the number of sustaining pulses for respec- 
tive divided display durations to display muttitone 
image, the display load factor detect means is a 
counter that counts up the number of drive pixels for 

20 orery one screen of duration, and the sustaining 
pulse control means is the sustaining vottage^- 
rent control circuit that controls eilherthesustainihg 
voltage or sustaining cunrent on the basis of the 
counted value of said counter. 

25 

6. The drive circuit for display device claimed in Qaim 
4itfherein the display device timeshares the one 
screen display duration of display panel into the dis- 
play durations corresponding to the display tones 

30 and weights the sustaining pulse number for each 
divided display duration to display multitone image, 
the display load factor detect means is a counter 
that counts up the number of drive pixels for every 
one line display duration, and the sustaining pulse 

35 controlmeansisthesustainingvQltage^currerTtcon- 
trol circuit that controls either the sustaining voltage 
or sustaining current on the basis of the counted 
value of said counter. 



nal can be converted into m-bits (m^n-i ) one and the 
intermediate level thereof can be obtained from the 
neighboring drive level. For instance, the configuration 
of the embodiment may use such means as FRC 
(Frame Rate Control). 

In the foregoing embodiments, the first to the fourth, 
we explained the case where the display panel of the 
display device is PDP. but this invention is not limited to 
this. The invention may Include such a case where the 
di^lay panel is LCOP display devica 

Claims 

1. In a display device having plural drive elements 
where each drive element takes charge of driving of 
plural pixels and the display luminance changes 
with the change of the number of the sustaining 
pulses to be supplied from said respective drive 
elements to the display panel based on the input 
image signal, such a drive drcuit for this display 
device which is characterized in that It is provided 
with the display load factor detect means that 
detects the display load factor for every certain 
duration based on said input image signal and the 
sustaining pulse control means that controls the 
number of sustaining pulses so that the luminance 
characteristic of said display panel can be main- 
tained constant on the basis of the detect output of 
the display load factor detect means: 

2. The drive circuit for display device as claimed in 
Claim 1 wherein the display device timeshares one 
screen display duration of display panel into plural 
display durations corresponding to the display tone 
and displays multitone image by weighting the 
number of sustaining pulses for each divided dis- 
play duration, the display load factor detect means 
is a counter that counts up the number of the drive 
pixels for every one of display duration out of one 
screen of display duration and one division display 
duration, and the sustaining pulse control means is 

— a sustaining pulse control circuit that controls the 
number of sustaining pulses based on the counted 
value of said counter 

3. The drive circuit for display device as claimed in 
Claim 2 wherein the sustaining pulse control drcuit 
consists mainly of the look up table which stores 
beforehand in memory the number of sustaining 
pulses to maintain constant the luminance charac- 
t^istic of the display panel with the counted value 
of the counter as heading. 

4. In a display device having plural drive elements 
where each drive element takes charge of the driv- 
ing of plural pixels and the display luminance 
changes with the change of sustaining voltage or 
sustaining cun'ent to be supplied from said respec- 
tive drive elements to a display panel on the basis 



40 7. In a display device having plural drive elements, 
each drive element taking charge of the driving of 
plural pixels, whrch timeshares one saeen display 
duration of display panel into plural display dura- 
tions con-esponding to display tones and weights 

45 the number of sustaining pulses for each divided 
display duration to display multitone image, a drive 
drcuit for display device characterized in that it is 
(provided with a halftone display means that con- 
verts the n-bit (n being an integer not less than 2) 

50 input image signal into m4)it (m sn-1 ) image sig- 
nal and obtains an intennediate level from the 
neighboring drive level and with a display area 
detect means that detects the cfisplay area for every 
certain duration based on the rrvbit image signal of 

55 said halftone display means and maintains con- 
stant the . luminance characteristic of said display 
panel on tiie basis of the detect output 

8. The drive circuit for display device daimed in Claim 
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7 wherein the halftone display means Is an entjr 
variance circuit that takes as an error the difference 
between the image level to be displayed and the 
drive level as displayed and disp^es this differ- 
ence over the sunrounding image. 5 

9. The drive circuit for display device claimed in Claim 
7 or 8 characterized in that it is provided with the 
display area detect means Is the display load factor 
detect circuit that detects the display load factor for io 
every certain duration and with a sustaining pulse 
control drcuit that controls the number of sustaining 
pulses so that the luminance characteristic of the 
display panel can be maintained constant 

IS 

10. The drive circuit for display device claimed in Claim 
7 or 8 characterized in that it is provided with a dis- 
play load factor that detects the display load factor 
for every certain duration and a sustaining vdt- 
age/current control drcutt that controls the sustain- 20 
ing voltage or sustaining curent so that the 
luminance characteristic of display panel can be 
maintained constant 

11. The drive drcuit for display device claimed in Claim 25 
10 wherein the display load factor detect drcuit Is a 
counter that counts up the number of drive pixels for 
every one screen display duration and the sustain- 
ing pulse control drcuit controls either the sustain- 
ing voltage or sustaining current based on the so 
counted >ralue of said counter. 

12. The drive drcuit for display device claimed in Claim 
10 wherein the display load factor detect drcuit is a 
counter that counts up the number of drive pixels for 35 
every one line display duration and the sustaining 
pulse control drcuit controls either the sustaining 
voltage or sustaining cun^nt based on the counted 
value of said counter. 
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Fig. 2 
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Fig. 6 
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Fig. 8 (a) 
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